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1 INTRODUCTION 


II is appareni that any microprocessor Is capable of producing 
acceptable sounds with only a iransducer if the processor has no 
blher tasks to perform while the sound is sustained In real world 
microprocessor use, however, video games need refreshing, key- 
boards need scanning, etc For example in order lo produce a single 
channel of ninth octave C ff)3?.2 Ha ) the signal needs attention every 
Sixty microseconds. Software required so produce this simple effect 
and still perf o rm otfi er act ivilies wou Id i n the least be very com plex i f 
not i m posstbl e. I n the extra mo . ta nd o m noise req u i res pe ri odic atte n- 
tion even more frequently. 

This need for software- produced sounds without trie constant 
attention of the processor is now satisfied with Ihe availability of Ihe 
General In stru menl A Y - 3- 39 1 Q a ltd A Y - 3 391 2 Prog ra mm ab It So un d 
Generators 

The AY-3-ggia/G9i2 Prqgraminab.it Sound Generator (PSGj is a 
Large Scale integrated Circuit which can produce a wide variety of 
complex sounds under software control. The AY-.3'89lO,- , fJ9l2 is 
manufactured in GTs N* Channel 1 Ion implant Process. Operator, 
requires a single 5V power supply, a TTL compatible clock, and a 
m ic ro processor co ntrol I er sue has the G l 1 6-bil C P 1 600.-' ? 6 1 0 or o ne 
of Gi s PIC 1650 series of 8-bit microcomputers. 

The P5G is easily interfaced io any bus oriented system Its flexibility 
makes it useful in applrcaliqna such as mussc synthesis sound 
effects generation, audible alarms, tone signalling and F^K modems 
The analog sound oulpuis can each provide 4 biis oi logarithmic 
digital to anaiog conversion, greatly enhancing the dynamic range of 
the sounds produced. 

In order to perform sound effects while aJ lowing Ihe processor to 
continue its other tasks, the PSG can continue to produce sound 
afterthe Initial commands have been given by ihe control processor 
The facl 6 hot real i Stic soun d p rodu c t ion of te n «n vol ves more than one 
eftecl is satisfied by the three independently controllable channels 
available in Ihe P5G 

All of ihe circuit control signals are digital in nature and ini ended to 
be provided directly by a microprocessor/microcomputer This 
means that one PSG can produce the lull F ange oF required sounds 
with n o ch a nge i n ok te rna I ci rc uri ry. Since I hs f req ue ncy res ponse o f 
Me PSG ranges from sub-audr&le at ils lowest frequency tq poat- 
audible at its highest frequency, there are few sounds which are 
beyond reproduction with only the simplest electrical connections. 

Since most applications of a miicroproctS&Or/FSG sysiem wrju.d also 
require interfacing between the outside world and she micro proces- 
sor, this facility has been designed into Ihe PSG Ihe AY-3-B91 0 has 
two general purpose 8-bit I/O ports and rs supplied in a 40 lead 
package: the AY-3-6912 has one port and 28 leads. 


1.1 

Description 
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1.2 

Features 
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Scope 


Fig. 1 


□ Full software control ot sound generation 

O Interlaces lo most S-bit and 16 bit microprocessors. 

□ Three independently programmed analog outputs. 

□ Two S- but general purpose I/O ports |AY-3-BSlO). 

□ One 0-bit general purpose ^'O port (AY-3-RSl2i 

□ Single +f> Volt Supply. 

This Data Manual is intended to introduce the techniques needed to 
cause the AY-3-a910/B9l£ Programmable Sound Generator to per- 
form in its intended fashion. All of the programs, programming, and 
hardware designs have bean tested to ensure that the methods are 
practical rather than purely theoretical. 

Although the techniques described will produce powerful resells the 
rfi nae of so un ds to be syr i hi es iicd is so vasl and S he P 5 G ce pa bililies 
so varied that this guide should be viewed merely as an introduction 
to the applications possibilities of the P$G. 


TYPICAL SYSTEM DIAGRAM 



PARALLEL L'O 
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2 ARCHITECTURE 


2.1 

Basic 

Functional 

Blocks 


The AY-3-8910/0912 is a regrets r oriented Programmable Sound 
Generator (P$G>. Communication between the processor and Me 
PSG is based on the concept ot memory' mapped I/O. Control 
commands are issued io the PSG by writing to 16 memory-mapped 
registers. Each ol the 16 registers wit bin the PSG <s also readable so 
that the microprocessor can determine, as necessary present slates 
or stored dala values. 

Alt functions of the PSG are controlled through its 16 registers which 
once programmed, generate and sustain the sounds, thus freeing tbe 
system processor for other tasks 


An internal block diagram of the PSG showing the various furcliona 
blocks and data flow is shown in Fig 2. 


2,1,1 REGISTER ARRAY 

The principal element of the PSG is the array ot 1 6 read/write control 
registers These *6 registers look io the CPU as a block of memory 
and as such occupy a 16 word block out oF 1,624 possible add reives. 
The 10 address hits f@ bits on the common del a/sd dress bus, and 2 
separate address bits AS and A9) are decoded as follows 


* A? 

AS 1 

DAT 

DAti 

DAS 

DA4 

DA a 

DA2 

DAI 

DAO 

Q 

i i 

0 

0 

0 

0 

0 

0 

0 

Q 


l MRU 


1 c ‘ 

T 

0 

0 

0 

0 

1 

! 

1 



A9 is 

not prowdec 
on tne AY-3-S012 


HIGH LOW 

ORDER ORDER 

i Chip Salad | (Register nf 

The four low order address bits select one of the 16 registers (RO— 
R 1 7a). The six high order address bus function as "chip selects 1 to 
control the tri- state bidirectional buffers (when the high ord^r 
address bits are "incorrect", Ihe bid i reel ional buffers are Forced tea 
h i g h i m pedan ce slate } , H igh ord er a ddress b its A9 Ag are f i aed i ru he 
l ] SG design to recognize a Ql code; high order address bits DA7-- 
DA4 may be mask -programmed Ip any 4-bil Cuds by a special order 
fad ory mask modification. unl&ss otherwise specified, address brts 
DA 7— DA 4 nro programmed tr> recognise only a iX>D0 code. A valid 
high order address latches ihe register address (the low order 4 bits) 
in ihe Register Address Latch.'Decodej hlock A laichod address w 
remain valid until ihe receipt ol a new address, enabling multiple 
reads and writes ol ihe same regisler contents withoul Che need for 
re dun deni re-addressing. 




























































2.1 

Basic 

Functional 

Blocks 

(cont.) 


Conditionings of the Register Address Latch/Decoder and the Bidi- 
rectional Buffers to recognize the bus function required (inactive, 
latch address, write data, or read data) is accomplished by the Bus 
Control Decode block. 

The i unci ion of each of the 1 6 FSG r eg iste rs an d 1 he d ai a f low ol eac h 
register's contents are shown in context in Fig. £ and explained in 
deta Min Secti o n 3. ' ‘Gperal i a iV ‘ For reference pu rposes . the Ragtster 
Array details are reproduced in Fig 3. 

2,1.2 SOUND GENERATING BLOCKS 

The basic bloc ks i n th e PSG wh ic h prod ucc the prog ram med sou nd s 
include 

Tone Generators 
Noise Generator 
Mixers 


Amplitude Control 


Fnvelopa Generator 


D/A Converters 


2.1.3 I/O PORTS 

Two additional blocks are shown m the PSG Block Diagram which 
hav* nothing directly to do with the production of sound— these are 
the two I/O Ports (A and B). Since virtually all uses of microproces- 
sor-based sound would require interfacing between the outside 
world and the processor, this Facility has been included in the PSG 
Data lo/irom 1 he CPU bus may be read, 'written to either of lwo8-bit 
I/O Pods without affecting any other function of the PSG The I/O 
Ports are TtL-compatibleand are provided with internal pull-ups on 
each pin Bot h Ports are avgi lab icon the A Y-3-B3l[), only I/O Fdrt A is 
available on the AY-3-6312. 


produce ihe basic square wave lone frequen- 
cies for e3Ch channel (A.B.C) 
produces a frequency modulated pseudo 
random pulse width square wave output, 
combine the outputs of the Tone Generators 
and the Noise Generator. One for each chan- 
nel (A.B.C). 

provides the D/A Converters with either a 
t i x ed o r vari abl e ampl i t ud e pal te r n . T he f i xed 
amplitude i$ under direct CPU control; the 
variable amplitude is accomplished by using 
the output of the Envelope Generator 

produces an envelope pattern w n ich can tie 
used to amplitude modulate the output of 
each Mixer. 

The three D/A Converters each produce up to 
a 16 level output signal w determined by the 
Amplitude Control 
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Fig. 3 PSG REGISTER array 


REOI5TEH 


HC 


BT 

Bb 

Bb 

B- 

Bb 

BE 

Bn 

Bu 


GhRriT^ A Tgrif Period 


CfiRiTTP* R r :jrH PerrnJ 
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Noil* Period' 
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Envelope Pteriud 


TlWQLfI 


ZDB 


R IS 

Enbalty>e Sr.«;i* Cyt:*- 

Rid 

L'O a. Data S-nart 

HIT 

to Pan S Dhi.i Swhi 


B-fitT *ine 1 une A 


4- BIT CuV&fr T .mu A 


9r0lT Fbk i Tune fl. 


a BIT Coats# Tuns B 


6-BiT FI net Ti™ C 


4 BI T Cuontd 7 li * C 


S-BlT Pfliiod Conlrca 


B BIT Fina Tuto E 


fi-RIT Qcjihi^h Tynf £ 


C-GNT ATT 


MIT P^H^LLEL i-Cl dfi Pori A 


0-&IT PARALLEL L‘D Ron B 


ALT HOLD 
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q. o The AY-3-S910 is supplied in a 40 lead dual in-lme package with (he 
pin assign meats as shown in Fig. 4 The AY-3-flSli?issupp ied ina^S 

Pill Assignments lead dual in-line package with the pin assignments assh own in Fig 5 


fig. 4 A Y-3-&&TP PIN ASSIGNMENTS 

Top Vis* 


v s= (GnDi c 
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3 
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CHANNEL A C 

4 
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5 

35 ! 
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7 
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6 

Wf 
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9 

32 

JOBS E 

ID 

31 

10B2 d 

! 1 1 

30 

lOBi C 

is 

?} 

ioee c 

ta 

20 

IOA7 G 


27 

TOAD c 

Hi 

23 

IOA5 IE 

16 

25 

[OA4 C 

17 

24 

IQA3 ” 

IB 

23 

[OA2 C 
lOAl C 

IS 

2D 

2? 

21 


Vcc I+5VI 
TEST 1 

ANALOG CHANNEL C 

DAD 

□ A1 

DA2 

□A3 

DA4 

DAS 

OA6 

DA? 

BCl 

6G2 

BOIH 

TEST 2 

AS 

A9 

RESET 

CLOCK 

TOAD 


AY'3'&-912 PIN ASSIGNMENTS 


analog channel c c - 1 

TEST i r a 
Yet (+5V) C 1 
ANALOG CHANNEL 0 Z A 
ANALOG CHANNEL AES 
U ss TGNDJ E 6 


Top'JIs# 
' 1 


?Sh £>AU 
27 b DAI 
Zf tj UA2 
?5 p DA 3 
24 Z DA4 
31 T DA5 


lOAT 

□ 7 

22 

J 

DAS 

] 0A6 

C -H 

21 

□ 

DA7 

IOA5 

c » 

20 

□ 

BG1 

ioai 

e[tD 

19 

□ 

EC2 

loa3 

C 11 

13 

□ 

Bern 

IOA2 

C 12 

17 

P 

AB 

IOAI 

C 13 

16 

— 

RESET 

[Oau 

E 14 

15 

F 

CLOCK 




2,3 

Pin Functions 


DA7“DAO (inpiit'outpLil/high impedance): pins 30- -37 (AY-3-&&10; 
Da ta/Add ross 7-0; pm s 2 1 - -23 ( A Y-3-39 1 2 ) 

These S lines comprise the 6- bit bidirectional bus u^ed by the 
microprocessor to send both data and addresses to the PSG and to 
receive data from the PSG In the data mode, DA7 -DA0 correspond 
1 g Register Array bits B7--B0. In the address mode, D A3- -DAO select 
I he register flf (th’l7 H ) and DA7—OA4 in conjunction with address 
inputs AS and AS form ihe high order address (cnip select^ 

A3 (input): pin 25 (AY-3-09 IQ) 
pin T7 (AY-3-0&1E) 

A9 (input) pin 24 (AY-3-3910) 

(not provided on AY-3-8912) 

Address 9. Addiess S 

These ‘ extra" address bits are made available to enable ttie position- 
ing ol the PSG (assigning a TO word mem or/ space) in a total 1 02^ 
word memory area rather than in a 250 word memory area as defined 
by address bits P A7— D AQ al o ne . I f Eh e m em o ry s i le docs not req u i re 
the use of these extra address lines they may be left un connected as 
each is provided wi'h either an on-chip pull down (A9) or pull-up (A0) 
resistor. In "noisy'' environments, however, ii is recommended thai 
A9 and Ad be tied loan external ground and +5V. respectively, if they 
are not to be u$ed- 

RESET (input): pin 23 (AY-3-89 TO) 
pin 10 (AY-3-89 12} 

For i n I tiaJ la at ion /power-on purposes, applying a logic "0” (qroundf 
to the Reset pin will reset ail registers to “0". The Reset pm is provided 
with an on-chip pull-up resislor 

CLOCK (input | : pin £2 (AY-3-0910) 
pin 15 (AY-3-091.2) 

This TTL-compalible in pul supplies the timing reference for the 
Tone Noise and Envelope Generators. 

BDJR, &C2, BC1 (inputs) pins 27.28.29 (AY-3-S91Q) 

pms 18.1920 (AY-3-6912) 

Bus D I Recti Oh, 8 US Control 2 r 1 

These bus control signals ere generated directly by Gl's CPiKJQ 
senes oF microprocessors to conlrol all external and internal bu* 
Operations in the PSG. When using a processor other than the 
CP160Q, these signals can be provided either by comparable bus 
s Ignats or by simulating ihe signals on I/O lines ol the processor The 
PSG decodes these signals as illustrated in the tallowing 
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2.3 

Pin Functions 
(cont.) 


■b PJ r 

Q(JO 
ci 111 Q 

0 0 0 

D 0 1 

0 1 B 

5 1 1 


ioo 

1 0 T 

1 1 0 


111 


CPIfrM P&G 

FUNCTION FUNCTION 

NACT INACTIVE. SM BIB (IA6) betow 

ADAfi LATCH ADDRESS See 111 UNTAK) below 
]A& INACTIVE. The PSG/CPUbya la inactive DA7-DA0 

Ere n e high irnppdstice ssaie 

DT0 READ FROM pSG. Th s sin™' causes Ihe contents 
C-F Ihe register which s currently addre&sed to 
appear on ine PSGfCPU bus. DAT— DAO arc in the 
oulpul mode. 

BAR LATCH ADDRESS. See 111 (INTAK1 below 
DW INACTIVE. See 010 (IAR) ahoue 
DV/S WRITE TO PSG Th*! signal indicates that thy bus 
contains register r-bite whrch -should be lalChtd inlo 
the currenliy ed drafted r-eg.gter DAT"- DAD iie in 
the nput mode 

I NTAK LATCH AODR ESS 1 hi s signa »ncf icates cha i the bus 
contains register address wtrich shflLild be lalched 
in Ihe PSG. DAf-DAU are in 1h£ input mode 


While i nterf acm g lo e processo r ot her t han the CP 1 600 won Id simply 
require simulating ihe above decoding, the redundancies in the PSG 
functions vs. bus control signals can be used to advantage In thal 
on ly to ur u f the e Igh t p oss ibl e d ecoded bu s f u ncti o ns a re req u i red by 
the PSG This could simplify the programming of the bus control 
signals to Ihe lolloping, which would Only require that The processor 
generate (wo bus control signals (BDlR and BC1. with BC2 tied 10 


+5V); 


® a (d FUNCTION 

0 10 INACTIVE 

0 II t READ FROM PSG 

1 1 0 WRITE TO PSG 

1 1 i LATCH ADDRESS. 


P50 



r > 1 

BDIB 

_ FPQ.V 


BC? 

PROCESSOR ' 




[> 

PCI 





ANALOG CHANNEL A. B. C (outputs)' pins 4 3, 36 (AY-3-8910) 

ping 5 4. 1 (AY-3-8912) 

Each ol lhase signals is the output of its corresponding DM 
Converter, and provides an up to 1 V peak-peak signal representing 
the complex sound waveshape generated by the PSG 

1QA7--IOAQ (inpul/o-utput): pins 14—21 (AY-3-6910) 

pins 7— 14 (AV-3-flfl12) 
IOB7--IOBO (irpiitfOUtput): pins 6--T3 (AY-3 6910) 

(not provided on AY-3-0912) 

I nput.' 1 Output A7--A0. B7—BQ 

Each of Ihese two parallel input/output pons provides 8 bits of 
parallel, data to/lrom Lhe PSG /CPU bus (rum/ to any external devices 
connected lo Ihe TOA or IOB pins Each pin is provided with an on- 
chip pull-up resistor. so that when in the ''input' mode all pin* will 
read normally high. Therefore, the recommended method For scan- 
ning external switches, for example, would bo to ground the input bit. 
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TEST 1: pin 39 (AY *3-3910) 
pin 2 (AY-3-aaia) 

TEST 2: pin 26 (AY-3-S31Q) 

(npl connected on AY-3-S9121 

These pms are for Gi tesi purposes only and should befeft open— do 
not use as lie-points. 

V cc : pm 40 (AY-3-8910) 
pin 3 1AY-3-E912J 

Nominal -SVoll power supply to the PSG 

V ss : pm 1 (AY-3'8910) 
pin 6 (AY-3-8912) 

Ground reference Jor the PSG. 

O A Since the PSG functions are controlled by commands from the 
— - - system processor, ihe common data/address bus [DA7— DAQ) r«- 

Bus Timing Quires definiilon as to its function at any particluar time This is 
accomplished by tfte processor issuing bus conlrol signals, previ- 
ously described .defining the state of the bus; the PSG then decodes 
these signals to perform the requested lask. 

The conditioning of these bus control signals by the processor is ihe 
same as if the processor were interacting with RAM: (1) the processor 
outputs a memory address: ana (2) the processor either outputs or 
inputs dala lo/from the memory. The ,t mamory l ‘ In this case is ihe 
PSG's array of 16 road - write control registers. 

The t ttnin g re I at ion s h i ps i n i ssu i ng the bus con t ro I s ign al s roial i ve to 
the data or address signals on the bus are reviewoc m genera in the 
following section, and in detail in Section 7, Electrical Specifications 


is 


2.5 

State Timing 


While the state how for many microprocessor can tie somewhat 
involved Tor cenain operations, the sequence of events necessary to 
control the PSO is simple and straighl forward Each of the three 
major state sequences (Latch Address, Write lo PSG, and Read trorr. 
PEG) consists of several operations (indicated Polo*- by rectangular 
blocks), defined by me pattern of hus control signals fBDIR PC? 
BCl), 




The functional operation and relative turning of the P$G, contro 
sequences are described in the following paragraphs 4 in all exam- 
ples. QC2 has been assumed to be tied to logic '1 ' +5^)- 

2,5,1 ADDRESS PSG REGISTER SEQUENCE 

The Latch Address" sequence is normally an Integra; part of the 
write or read sequences, but for simpl icily is illustrated here as an 
individual sequence. Depending on the processor used the program 
sequence will normally require four principal microslales. (1) send 
NACT (inactive}, (2] send INTAK (latch address), (3} put address on 
bus (4) send NACT (inactive) [Mote: within the timing constraints 
detailed in Section 7. steps (2) and (3) may be interchanged.] 


tiDin 


BCl 




BUS 

CCNTROL 



7>Z7 D/I'j 


l LO*l 


OIJTPL‘1 


FLOA1 















2.5.2 WRITE DATA TO PSG SEQUENCE 

The "Wnlelo P5G" sequence, which would normally follow immeo - 
ataly after an address sequence, requires four principal micros tales' 
1 1} sand N ACT {inactive}; {2} put data on bus, (3) send DW$ (write lo 
PSG}; (4) send NACT (inactive ). 


etiB 



BC I 


BUS 
CUNT SDL 


mci ^ r i ■■■-■ - 


DA,' -DAO 


FLOAT 



Output data 

ITO FSdi 



2.5.3 READ DATA FROM PSG SEQUENCE 

As wilh (he " Write t □ P SG " seq uence , the "Read from PSG" sequence 
would also normally follow immediately altar an address sequence 
The lour principal microsfates of the read sequence are (1) sena 
NACT (inactive); (2) send DTB (read from PSG}; (3) read data on bus: 
(4) send NACT (inactive). 


pnin 


"■_/ A 


«*4S£ -- V///A 

DTB 

—vm — 

UAOT 





DAT-DAG Fl QAT 

X 

INPUT DATA 
IF'HOM 

FLOAT 


2.5.4 WRITE TO. ‘READ FROM I/O PORT SEQUENCE 

Since the two I/O Ports {A and Bj each have an &-bit register assigned 
as a data store writing to or reading from either port is identical lo 
writing or reading to any olher register Hence. Ihe state sequences 
are exsclly the same as described in l he preceding paragraphs. 
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3 OPERATION 


3.1 

Tone Generator 
Control 

I H editors RD, Rl r R2. R3. B4, R5) 


Since all functions of the PSG ere control led by the host processor 
via a series of regislcr loads, a detailed description of the PSG 
o pe ra t ion can bast be accom pi is hod by re la t ifi g eac h PSG to nc bon to 
The control of its corresponding register The function o\ creating or 
programming a specific sound or sound effect logically follows the 
control sequence listed 


Sechon 

Opera lion 

Register* 

Function 

3i 

Tan* Generator Coni mi 

R0-R3 

Program tone penuds 

3 2 

Noise Generator Control 

R0 

Progr-am ncse penud 

3 3 

Mix£r Conlrol 

R7 

Enable lone and-'or npusc 
on selected channels 

34 

Amplitude Control 

RIO — R12 

Select 1‘*ed" or ‘cnv-elope- 
vanable amplitudes 

3.5 

Envelope Generator 
Control 

R13-R15 

Program envelope ptrri&d 
a^d select cnvplopr: pattern. 


The frequency of each square wave generated by the three Tone 
Generators (one each for Channels A. B, and C) is obtained in Ihe 
PSG by rirsl counting down the input clock by 16. then by Furl her 
counting down the result by ihe programmed 12-bit Tone Period 
value Each 12-brl value is obtained in the PSG by combining the 
conte nts of there lahve Coa rse and Fine Tune reg isle rs . as i 1 1 us t ra Led 


in the following: 



Coarse Tunc 


Fine Tunr 

Register 

Channel 

Register 

R 1 

4 

BO 

R3 

B 

R? 

ns 

C 

fm 



Note that the 12-bit value programmed in the combined Coarse and 
Fine Tune registers is a period value — ihe higher Ihe value in the 
registers, the lower the resultant tone frequency. 

Note also 1 hat due to the design technique used in the Tone Period 
c cunt-down, the lowest period value is GOOOQOQOOOOI (divide by 1) 
and the hig hest period value i& 111111111111 (divide by 4,b95m). 


10 














The equations describing the relation snip between the desired 
output tone frequency and ihe input clock frequency and Tone 
Period value arc: 


{*> ff = tb) tp w = 256CT n0 - ft,„ 

10* n 5. 

Where- f T — desired tone frequency 
f clock - input clock frequency 
TFm= decimal equivalent of the Tone Period 
Oils TF11-TF0. 

GTi^- decimal equivalent of the Coarse Tune 
register bits B3-BQ (TP11-TP8) 

F Tk = detirrS I equivalent oi the Fine Tune 
register bits B7-0Q (TP7—TP0) 


From the above equations it can be seen trial the tone frequency can 
range from a low of { wherein TPi,^4,G95i.o) to a high oi 1 ir p 

(wherein: TPu>=1J. Using a 2 MHz input clock, for example, would 
produce a range of tone frequencies from 30.5 Hz to 125 kHz. 


To calculate the values for the contents of the Tone Period Coarse 
and Fine Tune registers, given the input clock and the desired output 
tone treq ue nc ies, we si m p ly rea rra n ge the a bove eq u as ion s , y ie id 1 n g 


fa.) tr c <> = 


C. ■'■>> 

16f- 


lb) CT,„ 


FT u 

2&G 


TPn,, 





3.2 

Noise Generator 
Control 


The frequency ol the noise source is obtained in the PSG by first 
counting down the input clock by 16, then by further counting down 
(he result by ttie programmed 5 bit Noise Period value. This 5-bit 
value consists of the lower S bits (B4--BQ) o3 register R6, as 
illustrated in the following 


(Register Noise Period 

Register RB 



NOT S-b<[ rw-.ni.-H Parjcwl |HP| 

USEE) U? *lui» Qanmxinr 


Note that the 5-bit valuein R11 is a per iod value-thehigherthevalue 
in the register, the lower the resultant noise frequency Note also that, 
as with the To nc Pe ri od. the lowest per iod va! u e i s 0000 1 (di v i de by 1 ) : 
the hig hest period value is 11 ll 1 (divide by Slui). 

The noise frequency equation is' 

f _ IcUCM 
H " le’NPio 

Where: f n = desired noise frequency 

fcLoc« = input clock frequency 
NPi&= decimal equivalent of the Noise Period 
register bits B4--E30. 


From l he above equal ion it can be seen that the no *se frequency can 
range from a low of (wherein: NP,. 3 - to a high of 
(wherein NP<o _ 1) Using a 2 MHz input clock, lor example would 
produce a range of noise frequencies from 4 kHz to 125 kHz. 

To calculate the value forth a contents of the Noise Period register, 
given the input clock and the desired output noise frequencies, we 
simply rearrange the above equation, yielding: 
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3.3 

Mixer Control- 
I/O Enable 

| Register R?] 


Register 7. is b multi-function Enable register which controls I he 
three Noise/Tone Mixers and the two general purpose I/O Ports 

The Mixers as previously described, combine the norse and tone 
frequencies lor each of the three channels. The determination of 
combining nei l h$r/ei I her/both noise and tone frequencies bn each 
channel is made by l h-e stale of bils B5P-BQ of R7. 


The di recti on ( in p ut or a in p ,d : of fh e two gen era i p urpose I/O Po rts 
{IOA and I OB) is determined by the state of bits B7 and BE of R7 

These functions are Illustrated in the following: 


Mixer Control- E/O En ;i rilf 
Register R7 


FlXltlirjn 
10 Prm 



Noise Enable Tmih Table 1 
R7 Bit? Noise Enables 


Tone Enable Truth Tablb? 

R7 BiU 


as 

□ t 

B 3 

an 

Channel 


02 ai 

ao 

□n 

Chon nrl 

0 

0 

0 

c 

B A 


0 0 

fi 

c 

B 

A 

0 

0 

1 

c 

8 - 


0 0 

i 

c 

B 

— 

0 

1 

0 

c 

_ A 


0 i 

0 

c 

— 

A 

0 

1 

1 

c 

— — 


0 1 

T 

c 

— 

— 

1 

0 

0 

— 

a fit 


i ® 

0 

— 

B 

A 

1 

0 

1 

— 

B - 


1 0 

1 

— 

B 

— 

1 

1 

0 

— 

— fi 


1 1 

0 

— 



fi 

1 

1 

1 

— 




1 1 

1 

— 

— 

— 




I/O Port Truth Table: 









R7 

Bits 

I/O Ppr+ S-tfllU? 








07 

as 

JOB 

JOA 








0 

0 

Input 

Input 








0 

r 

Input 

Output 








1 

0 

Output 

Input 








1 

i 

Output 

Output 






NOTE: D sa dIi nci noise and tdrt-e doss nor t’.arrt pn a cnanmi Turn ng n 
channel off can onty Oe eccatmphslwd by weiling alt surges :nio thr; 
corresponding Amp Mode Control re£|is:e.- Rin. R 1 1 pr R12 isuu 
Section 3.4 | 
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3.4 

Amplitude 

Control 

(Refusers RIO, min Ri2| 


The amplitudes of the signals generated by each of She three D/A 
Converters (one each for Channels A, B.and C) is determined by the 
contenls of the lower 5 bits (E34--BO) of registers HI 0, Rll.and Rl£as 
illustrated in the following’ 

Amplitude Control 
Register H 

R 10 
Fill 

m2 


Cfinnm:l 

A 

0 

C 


D?|PS 


B4 

e-j 

l : - &i 

Uni 

not 

JSE3 / 

J 



03 




L I 


LD 


amp lum- 


4 bi 4i»cd' 
jmpMiidc LpveI 


The amplitude "mode' (bit M) selects either fixed level amplitude 
{M=0) or variable leva! amplitude (M=lf. It follows then that bits L3- 
LO. defining the value of a ”li*ed" level amplitude are only active 
whe n M“ 0. Who n fixed level a mpl i l ud & rs sel ecled , it i S "I i red' ' only in 
the sense that the amplitude level is under the direct control of the 
system processor (via bits D3--D0). Varying the amplitude when in 
this "fixed" amplitude mode requires in each instance the direct 
intervention of the system processor via an address latch/write data 
sequence to modify the D3-D0 data 

When M-1 (select 'Variable' level amplitudes), the amplitude of each 
channel is determined by the envelope paltern as defined by ihe 
Envelope Generator's 4 oil output E3 £2 El EQ. 

The amplitude "mode" {bi! M) can also be thought of as an ‘'envelope 
enable" bit. i.e., when lVf-0 the envelope is not used and when M=1 
the envelope is enabled [A Full description ol the Envelop* Gener- 
ator Fun cl ion follows in Section 3.5| 
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Fig. ft graphically illustrates a seise! Ion of variable Jevel (envelope- 
con! rolled} amplitude- where the 16 levels diredly relied the output 
ol ihe Envelope Generator. A fixed love! amplitude would Correspond 
id only one of Ihe levels shown, with the level directly determined by 
ihe detrmpl equivalent of b-ts L3 L2 LI LG. 




3.5 

Envelope 

Generator 

Control 

(Regislerfi RI3. AH. AI5f 


To accomplish the generation of fairly complex envelope patterns 
two independent methods of control are provided in the F5G: lirst. it 
is possibl e lo vary (he frequency of the envelope usin g reg i sters Ft 1 3 
and R"M; and second, the relative shape and cycle pattern ol the 
envelope can be varied using register Ri5 The following paragraphs 
explain the datadsof Ihc envelope control functions, describing first 
the envelope period control and then the envelope shape, ■‘cycle 
conlrol. 


3.5,1 ENVELOPE PERIOD CONTROL (Registers R13, R14) 

The frequency of the envelope is obtained in the PSG by first 
cou nti ng dow n fh e in put c locL by £6$, l hqri by f u rl her cou nti n g d own 
I he result by I he pro-grfimrned 1 8-bit Envelope Period value. This 
fS- bit value is obtained in the PSG by combining the contents of the 
Envelope Coarse and Pine Tune registers, as illustrated in the 
1o I lowing : 


Envelope 
ririrrr.i: Td nt 1 
ftiuj'iler R’4 


Envelop*- 
f-infl Tunc 
Krg slrir ft 1 a 



16 -tM EmifllQPfl Period <EP) 
:o Envelope £5 e renter 


Note that the 18-bii value programmed in the combined Coarse and 
Fine Tune registers i*i a period value — the higher the value in the 
registers. the lower the resultann envelope frequency. 

Note also, that as with the Tone Period, the lowest period value is 
GOQODDDOOQQQQGQI (divide by 1). the highest period value is 
Mtl 1111111111H (divide by 35.535^. 

The envelope ireguency equal ions are. 

(a) re g~S- (bj EP, a : 2S0CT,fl4 FTm 

jiuufcr jiT 

Where. f E — desi red e nvel ope f req uem cy 
fcLQCK — input dock frequency 
EP,o — decimal equivalent of the Envelope 
Period bits EPi5— EPO 

CTio= decimal equivalent of the Coarse Tune 
register bits B7--B0 (EP15-EP8) 

FTm= decimal equivalent of the Fine Tyne 
register bits B7-B0 (EP7-EP0) 

From the above equation it can bee seen that the envelope frequency 
can range from a low oF , 6 7 tc'ko. (wherein: EPm=B5.535«]]i to a high 
of ?«." (wherein E Pi &= i J, Using a 2 MHi clock, lor example, would 
prodLice a range of envelope Ireguenpies from 0.1 2 Hz to 761 2.5 Hz. 



Tq calculate the values for the contents of the Envelope Period 
Coarse an d F i ne T u ne regis tc rs, g iven th e i n put clock and I he d es 1 1 eo 
envelope frequencies, we rearrange the above equations, yielding: 


(a) EPift = 


(b> CTr 0 + 


Ciample: 


Ts = 0 5 Hz 
Toskf = 2 MHz 


= 15.W5 


PP = 2*10 =15ftW 
“ ZS6(t>5) 5,625 

Substituting "i ■ in- reftijll in1c> ^guAliOfi (b) 


IS.ft2S 


Ct d aha on- 1 ! mi IQ7--BO; 

FT,a 00001001 |B7-E30[. 


3-5 3 ENVELOPE SHAPE/CYCLE CONTROL (Register R15) 

The Envelope Generator further counts down Ihe envelope fre- 
quency by 16, producing & 16-state per cycle envelope pattern as 
defined by its 4- bit counter mil pul, E3 E2 El ED The particular shape 
and cycle pattern of any desired envelope is accomplished by 
controlling the count pattern (count up/couns down) of l ha 4 -bit 
counter and by defining a singfc-cycic or repeat-cycle pattern. 

This envelope shape/cycle control is contained in the lower 4 bits 
(S3 — E0> of register Fti5 Each of these 4 bits controls a function lr 
the envelope generator, as illustrated in the following- 


Envelop® -SuaperGycie 
Control Rentier (Ri5^ 



The definition oF each function is as follows: 

Hold when set to logic “1”. limits the envelope io one cycio 
holding Ihe last count of the envelope counter f E3 — 
EO " 0000 or 1111. depending on whether the envelope 
counter was in a count-down or count-up mode, respec- 
tively). 

Alternate whan set to (ogle Jl l", the envelope counter revere 
count direction (up-down) afler each cycle. 

NQTE: Whpn boll" lh* Hrjlrl b I <irri I hi; All^-m.-ilr; hi I : = r : uri:. Che 
^eiuelppe >cOLjnri3r is. r(:$el lt> it& initieJ count beFa-re huidiriy 





3.5 

Envelope 

Generator 

Control 

(cont.) 


At tack w hen set 1 o log i c " 1 " . the envoi ope -to ante r will cou nt u p 
(attach) from E3 E2 Et EG- DODO to E3 E2E1 EO— 1111; 
when set to logic "IT, the envelop# counter will count 
down (decay) from 1111 to 0000 

Contin ue when sat to log ic “1 ", Itia cyd a patte rn will be as defined 
by the Hold bit: when set to logic "0", the envelope 
generator will re$.el to 0000 after one cyd# and hold at 
that count. 

To furthar describe the above 1 unctions could be accomplished by 
numerous charts of the binary count sequence of E3 E2 El EQ for 
eac h e pm t>i nati on of Hoi d . Al lerna to, Attach a nd Con ti nu#. H owe ve r, 
$inc# tfiese outputs are used (when selected by the Amplitude 
C u nl rol reg i st&rs) to a mpl il ud a rnodu late th e output of the M i K.ers, a 
baiter jnderslanding of l hair effect can be accomplished via a 
graphic representation ol their value for each cpndilion* selected, as 
illuslraied in Figs. 7 and B 


Fig. 7 ENVELOPE SHAPE, CVCLE CONTROL 



Flg.fi DETAIL OF TWO CYCLES OF Fig, 7 
frel- waveform "101 £>" In Fig. 7) 



i H£MFl£i£NrJ T ^S C> 
■ft* OECIWl tf*LUCS Of "B-€ 
EW ELOPE ^EHCnATQn 
OtpiPUt m 7 c i co 



3 6 

I/O Port Data 
Store 

[Renuters fiifi R17} 


Registers R15 and R17 function as intermediate data storage regis- 
ters between the RSG/CPU data bus (DAQ— PA7} and the two I/O 
ports (lOAT-IOAO and IQB7-IQBQ) Both ports are available in the 
AY-3-691 0; only I/O Port A is available In !ho AY-3-6912. Using 
registers Rl 6 and R 17 for the transfer qJ 7/0 dala has no effect at ail 
no sound generation. 

To output data from the CPU bus to a peripheral device connected 
to I/O Port A would require only the following steps: 

1 Latch address R7 (select Enable register) 

2. Write data So P5G (setting B6 of R7 to "1"i 

3. Latch address Hi 6 (select [OA register) 

4 Write data to FSG (dale to be output on I/O Port A) 


To input data from 1/0 Port A to the CPU bus would require the 
following: 

1. Latch address R7 (select Enable register^ 

2. Write data to PSG (setting BS to R7 to 'W) 

3. Latch address ftl@ (select IOA register) 

A Read data from PEG (data from I/O Port A) 

Note that once loaded with data an the output mode the data will 
remain on the I/O port(s) until changed either by loading difterent 
data, by applying a reset (grounding the Reset p«n) , or by switching to 
the input mode. 

Note also that when in the input mode. I ha contents of registers Ri6 
an d/o r R 1 7 will f ol I cw the si g rials ap pined to the I/O port {s J . H oweve r. 
transfer of this dal a to the CPU bus requires a "read" operation as 
described above. 


3.7 

0/A Converter 
Operation 


Fig. g 


Since the primary use of the P5G is to produce sound for the higniy 
imperfect amplitude detection mechanism of the human ear, theD/A 
conversion is performed in logarithmic steps with a normalieed 
voltage range of from 0 to 1 Volt. The speciFic amplitude control of 
each of the three D/A Converters is accomplished by the three setsot 
4-biL Outputs of the Ann pliludd Control block, wh i I e tn e M i * e r o u 1 pu ts 
provide the base signal frequency {hJnise and/or Tone). 

Fig 9 illustrates the D/A Converter output which would result if noise 
and Tones were disabled and an envelope-con trolled variable ampli- 
tude were selected 

Figs. 10 Through 13 illustrate other typical output waveforms. 

D/A CONVERTER OUTPUT (ref. Fig, "■ ■ iini™ 


SORMALIZEO 

VOLTAGE 
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Fig, 10 SINGLE TONE WITH ENVELOPE SHAPE, ■CYCLE PATTERN 1000 
(R 0 = 14 &t fil— 37 r1: , RT=76f,, R 12=20®. R1S=10 Bl all other registers^) 
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Fig 12 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1 pi 0 
(R1 5=12o, fill othpr registers same as Fig. 10) 


Fig 13 MIXTURE OF THREE TONES WITH FIXED AMPLITUDES 







4 INTERFACING 


A 1 Since the AY-3-S910/B912 PSG musl be used with support compO- 
1 nenta. interfacing lot he circuit is an obvious requireme nt The P$Gms 
I ntrOdlIGtiOn designed to be controlled by a microprocessor or microcomputer, 

and drive directly into analog audio circuitry It provides the link 
between the computer and a speaker to provide sounds or sound 
el facts derived from digital inputs 

The following paragraphs provide examples and Illustrations snow- 
ing the ease with which an AY-3-8910/&91;? Programmable Sound 
Generator may be utilized in a microprocessor/microoomputcr 
System. 


Fig. 14 SYSTEM BLOCK DIAGRAM 
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I 


4.2 

Clack 

Generation 


An economical solution to providing a system clock is shown in Fig 
15. It consists ol a 3.5T954&MH7 standard color burst crystal a 
CD4069 CMOS inverter, and a CD4D13 Ip divide the color burst 
frequency in half. The dock produced for me PSG runs at a 
1 .7 B97725 MHz ra te , Pependm y on the mic rocom p uter used . i ts c I oc k 
should be selected wrfhin iis sped lied value 


Fig, IS CLOCK GENERATION 



r 

I 


:r ; - 





4.3 ^9- Mu&trates Jhe audio output connections to a commercially 
’ available audio amplifier it shows channels A. 8, and C 

pilt summed logerher id enable complex waveform* lo be composed and 
, _ „ am p l i f«od th rough a sm g le exte rna I amplifier. These cha n n els may he 
individually amplified "through separate channels for more exotic 
sound systems. 

Each output channel is individually controlled by separate amplitude 
registers (RIO, R11, R(2j and an enable register (R7) in the PSG. 


Fig, 16 AUDIO OUTPUT INTERFACE 


AMA. DG CHAMNE- OUTPUTS 




4.4 

External 

Memory 

Access 


The HOWI or PROM shown connected to (he P-5 <3 m Fig 17 1 Hu si rales 
an option for providing additional data information lor processor 
so p port. T he two 1/ 0 reg i sters within the P5 G a re u sod i n I ms ca so i o 
address ihe memory via I/O Port A (6 Bits) and reed data from (he 
memory via I/O Port B £6 B'ts). 

An example of Ihe Pus control sequence So address and road an 
external memory connected to I/O ports A and 6 would he as follows 
(Assume Port A addresses and Port B reads) 


HUB Control 

Latch address 
Write to PSG 
L filch address 
Write to PSG 
Latch jiddrnss 

Rr:nrl rrQnri FUfi 


Bus Codfl* 
an ip Fid a bci 

i 
D 
t 
D 
t 
i 


Explanation of Bus Dala 1DA7--E>AQ| 

0DDD0111; Latch f\1 to program lrQ PorK 
D1DDDDDD. Sel 67, 66 lo 0. I rgEpsctivflly 
CuUu 1 1 1U: Latch fii6 lo address memory 
OOQCHHM1: Address data lo memory 
00001111: Latch Rl7 lo road m^iAQrV 

XXXXXXXX - Memory data COnlamMiJ m R17 


NOTE BC2 In the above Bus Codes may os permanently lieiEt I a 5V thua 
leguiring only two bus con! r oi lines for a I control operations (ne-lw to 
Section 2.S lor a complete axplanaficm) 

Also. RAM or EAROM may be used in place of the ROM or PROM 
shown by altering the program to use PORT B as an I/O Port B men 
will be able to wr ite data as an output and read data as an input 
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Fig, 17 EXTERNAL MEMORY ACCESS 







A E, In Fig 1 B, the lilies identified DA7--DAQ are the idputA>utput bus bits 
"tiw 7—0, Tftis g bil bus is used to pass an bats and address infcrmatlofl 
MlC IDp rocess or/ bet w^n the a Y-3-S9 i o/ 89 i 2 and the syst em processor. 


MiCrOCOITlDUter BC1 ' ^nd BDiR ^ g$ control signals generated by the 
fV processor to direct all bus operations. These operations are identi- 

Interface tied a$ Latch Address, write to PSG. Read from PSG, and inactive. 


The following Sections detail specific interfaces to several popular 
m ic ro pt ocessors/m ic rocom p uters. 



i 
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4.6 

Interfacing 
to the PIC 1650 


Fig. 19 shows the schematic oil an AY-3-89’10 demonstrator circuit 
This configuration uses a PIC 1650 as the main controller in the 
circuit. The PlC 1650 is used to 3can the keyboard, falch data from 
the PROMs. write data to the AY-3-8910 and provide the liming for the 
AY-3-6910. 


The interfacing is direct since the PIC 1650 and the AY-3-3910 
operate with compatible supplies and input/butf>Ut voltages. 

This particular schematic illustrates how a microcomputer wdh 
additional memory can produce a stand-alone mus«c and sound 
elf sets circuit. The circuit as shown operates with manual keyboard 
selections- 


As Fig. 19 shows, the design lor Ihc interface connects directly to the 
output pms of the 1650 and ihc BC1, BC2. BDlft pins. The software 
than has the responsibility of manipulating these signals to signal the 
PSG to perform the proper address latch, read or write operations 

T he p rogra m routi ne i n 1 h is sec tion i 1 1 ustrates cod e wh ich is used i n a 
hand Inc I d demonstrator und. This demonstration uni I illustrates the 
range of PSG capabilities-, including music, sound aflects and I/O 
control. Note that the generalized routines perform the address 
latching before every read for convenience 

The "REAP ROM' 1 routine illustrates use of the generalized read and 
write routmes Id access the outside world through the PSG to read 
and write. 


4.6.1 WRITE DATA ROUTINE 


ao. 



: WRH£ FROM 1660 TO 3910 


3 1 



ADDRESS OF 6910 REG IN 

ACMES' 

S3 



DATA TO WHITE IN OAT A' 


as 

DZ4 

00E6 

WRlTl 

MO'-'W'F 

ADORES 


a* 

P2A 

iQ26 

WRITE 

MOVF 

ADDHES.W GFT REGISTER NO 


026 

0045 


MOVWF 

1QA 

SET ADDRESS 

as 

0Z7 

1006 


MOVF 

IOB W 

GET PRESENT GC1 DCS BDIHETC 

&7 

030 

7370 


AWDLW 

370 


as 

03t 

64D4 


]ORLW 

4 

. 5E 1 BAR 

¥1 

03£ 

0U46 


MOVWF 

[OH 

S£N[> bar 

90 

033 

7370 


ANDLW 

370 


91. 

034 

00-16 


MOVWF 

[OR 

SEND NACT 


U3S 

1027 


MOVF 

DATA.W 


93 

036 

0015 


MOVWF 

IOA 

PUT DAI A ON D-A PINS Or 69*0 

94 

037 

iuu6 


MOVF 

IOB.W 


95 

040 

737D 


ANDLW 

370 


36 

041 

640B 


IOHLW 

6 


97 

0*2 

0046 


•VIOVWF 

JOB 

SEND DW5 

96 

043 

7370 


ANOLW 

37(3 

SET UP NACT 

99 

044 

0046 


MOVWF 

JOB 

.SENO NACT 

100 

046 

4000 


RET 


RETURN TO CALL INC ROUTINE 
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4.6 

Interfacing 
to the PIC 1650 
(cont.) 


4,6,2 READ DATA ROUTINE 

= 1 : ADDRESS OF READ IN REGISTER ADD-RE R 

&2 AFT£R READ. INPUT DATA IN REGISTER DATA 

.53 FNTfl AN C E REA D 1 ASSU MES THAT REGISTER HUM IN W 

54 


55. 000 

5556 

FI EA D 1 

MOVWF 

A0DRE5 

BYPASS ADDDRESS STORE 

55 001 

1D2£ 

READ 

MOVF 

ADORES.V7 

GET REGISTER NO 

57 002 

0045 


MfpVWF 

JOA 

MOVE TO MlO DiA PiNS 

55 003 

1006 


MOVF 

IDS W 

:GE r PRESENT BC! EC2,HOIF^ ETC 

55 CXJ4 

5404 


JQRLW 

4 

.SET &AR 

ao 005 

0046 


W DW.'F 

IG E 

SEND BAR 

61 006 

7370 


AMDLW 

370 


62 007 

5046 


MOWYF 

COB 

.SEND NACT 

63 01 0 

6377 


MGVLW 

377 


64 Oil 

0045 


m orar 

[OA 

SET FOR INPUT 

65 0-12 

1006 


MOVF 

IOB.W 


66 CH3 

7370 


ANDL^ 

370 


67 OU 

5403 


EORLW 

3 

SET DTB 

56 015 

0046 


MOVWF 

ios 

SEND DTB 

as oie 

1W5 


MOVE 

rpA w 


70 017 

0067 


MOVWF 

DATA 

SAVE DATA 

7 T 020 

8006 


MOVE 

IDG W 


72 021 

7370 


AN DiW 

370 


73 022 

0046 


MOVWF 

IDB 

SEND NACT 

74 023 

4000 


RET 


RETURN TO GALLING ROUTINE 


4.6,3 READ ROM ROUTINE 


106 



.address of rom in w a- entrance nfxrqm 

FQ7 



ADORF35 OF ROM IN ROM AD AT ENTRANCE RQMRD 

ioa 







'00 

’•Wl 

111. 

T12 



INCREMENTS ROMAD AFTER READ IF ROM ADDRESS 
CROSSES 256 BORDER VIA^E UPPC^ DANK SELECT 1 



.USES e&ro REG 16 FOR ADDRESS 

113 



GR-ftflEG 17 FOR INPUT DATA 

113 

045 

1530 

NEKROM 

MOVF 

ROM AD. W 


si 4 

547 

5567 

ROMRD 

MOVWF 

DATA 

PUT ADDRESS 

TIG 

D50 

6015 


MOVLW 

16 

I D A ADDRESS 

T1 7 

551 

0566 


MOVWF 

ADD RE 5 


T 1 0 

562 

2306 


0CF 

IOS. 6 

TlJ P N ON ROM 

113. 

053 

4425 


CALI 

WR !TE 

SEND TO EOA 

120 

554 

1266 


PWCf 

ADD RES 

TO JOB ADDRESS 

821 

065 

443^ 


CALL 

RFAD 

GET DATA 

122 

555 

2735 


DSF 

[OD 6 

TURN OFF ROM 

823. 

557 

1770 


3NCFS2 

ROMAD 

TO next log 

T?4 

56D 

4 ODD 


RET 



125 

351 

2645 


DSF 

[OD 5 

5E1 HIGH SELECT 

126 

D62 

4000 


FIE 1 


Rt'JHN 10 CALLING R DU ONE 
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4.7 

Interfacing to the 
CPI 600/1 610 


As shown in Fig 2G. the wiring is direct between the AY-3-69 10 and a 
CP 1600/1 61 0 microprocessor The levels ere compatible thi/S elimi- 
nating any need for ievel converters Even ihe terminology between 
the IC's remains constant to provide simple-lo-follow connections. 

The CPI 600/1610 acts as a controller in this configuration fetching 
dale from ROM's Contained elsewhere in ihe system, The CP 1600/ 
1010 also ads as the b-us controller developing Ihe necessary liming 
for the AY-3-a9lO. 


4.7.1 WRITE DATA ROUTINE 

The program necessary to write to a selected register is as follows; 
MVI value RO; move in value to be written 
MVO RO, Reg; write to register 

The routine to load ail registers with the same value is as Follows 
M V|| Reg 0. R4 
CLRR RO 

Here MVO <B R0. R4 

CMPl Reg 0 + 17, R4 
BLT Here 

4 7 3 READ DATA ROUTINE 

The routine to read from a selected register is as to Hows 
MVI Reg, R0; gal data from reg In RO 
MVO R0. value, store in memory 


4 & 



4* 





4.8 

Interfacing 
to the MB800 


An M680Q micro processor can be interfaced within AY-3-ggio/lHM 2 
through the addition of on M662GPIAchip. The I/O porta desig no tod 
ea P AO io PAT a re u sod os th e 3 b it bus I i nea g nd I/O f>o rts PSD to P82 
are used as the bus control lines. The soltware routines shown are 
used to control the latch address, write data, and read data functions 
for the AY-3-6910/8912 


4.8.1 LATCH AODHE55 ROUTINE 

;AT ENTRY B HAS ADDRESS VALUE 

Latch clra 

ST a A 8005 GET D DlR A 
LDAA #FF 

ST A A 8004 .OUTPUTS 
LDAA P4 

ST A A 300S .GET PERIPHERAL A 
STAB a0&4 ;FORM A DDR 
St AA BOOS 

clra 

STAA 3006 :LATCH ADDRESS 
RTS ; RETURN 

4.8.2 WRITE DATA ROUTINE 
:AT ENTRY, B HAD DATA VALUE 

WRITE STAB B0D4 ;FORM DATA 
LDAA 46 .DWS 
STAA 3006 
CLRA 

STAA 6006 ;WRITE DATA 
RTS ;RETURN 


4.6.3 READ DATA HQUTINE 

; AFTER READ. R HAS READ DATA 

READ STA A ED05 .GET D DIR 
ST A A 8DD4 : IN PUTS 
LDAA #4 

STA A 6006 .GET PERIPHERAL 
DECA 

STA A 6006 .READ MODE 
LDA 6 8004 :READ DATA 
CLRA 

STA A 8006 REMOVE READ MODE 
RTS RETURN 






4.9 

Interfacing 
to the 8080 
STOO Bus 


The samp's Si 00 bus design provides for reading and writing the 
PSG using only an 8080 ‘Thf' of "OUT" jnsi ruction 1u the proper 
address. Another feature of the design is Ihe provision for multiple 
PSG devices to be connected to a single bus. The system described is 
presently running two PSG's, one to each of two stereo channels. 

As can be seen from the read and write routines In the illustrative 
program,, the program overhead necessary to communicate with ihe 
PSG is minimal 


4.9,1 LATCH ADDRESS ROUTINE 

PORTAQDR EQU eon :ADDRESS TRANSFER PORT ADDRESS 
PORTDATA EQU 01 H , RAT A TRANSFER PORT ADDRESS 

. I'HIS ROUTINE WILL TRANSFER THE CONTENTS OF 
.StiaO REGISTER C TO THE PSG ADDRESS REGI3TFR 
FSGBAR MOV A.O ;OET G IN A FQR OUT 

OUT FORTRAR SEND TO ADDRESS FORT 
RET 


4.9.2 WHITE DATA ROUTINE 


ROUTINE TO WRITE THE CONTENTS OF BOBO REGISTER 6 
TO THE PEG REGISTER SPECIFIED BY 8030 REGISTER C 

PSG WRITE GALL PSG BA R ;GET ADDRESS LATCHED 

MOV A.R. .GET VALUE IN A FOR TRANSFER 
QLJT PORTDATA ;PUT TO PSG REGISTER 
ftET 


4.9.3 READ DATA ROUTINE 


ROUTINE TO READ THE PSG REGISTER SPECIFIED 
:RY THE 0(160 REGISTER G AND RETURN THE DATA 
IN m?f> REGISTER P 


PSG READ 


CALL PSG BAR 

IN PQRTOATA ;OET REGISTER DATA 
MOV B.A GET IN TRANSFER REGISTER 
RET 
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Fig, 22 SOSO SIOC BUS/AY-3-B91D INTERFACE 
































































5 MUSIC GENERATION 


i 


The production of music invokes the creation ol series of frequen- 
cies which ere pleasing to the human ear (setting critics! evaluation 
aside). This involves essenbaJly mathematical relationships, making 
the application ideal For digital depicts Por example. Ihe shifting up 
or down in octaves is a multiplication or division by a power of 2. 
which is a simple shift o Deration for most microprocessors. 

Another factor in music generation is "com mu meal ion' 1 The com- 
poser most be able to convey hrg tune ideas so that a musician or 
group of musicians can reproduce the composer's ideas— often on 
widely differing Instruments, This concept involves "tuning' the 
instruments Co a slandard set of frequencies and following a set 
rhythm pattern. The lummy Frequency most widely used is hased on 
the third octavo nolo "A" ol 440H?, the "Equal Tern pored Chromatic 
Scale" 

Although it is easy to construct recognizable tunes using only one 
mote at a time the simultaneous sounding ol more than one note to 
produce chords and counterpain I vastly increases the quality of the 
sound. This fealure is easily achieved in (he PSG since three 
channels are provided each independency programmable. 


5.1 

Note Generation 


Since notes are formed by sustaining a particular frequency tor a 
preset period of time at a varying amplitude. Ihe P£G perlorms this 
function with a series of simple register loads. The method used in 
many cases is to cbtarn register Feed values for first octave holes and 
to shilt to the correcl oclave al playtime. 


The chert in F ig. 23 lists a lull 8 octaves of nolcs from a low of Cl 
(32.703Hz} to a high of Ba f7902 060Hzy Assuming an input clock 
frequency of l.7B977MHz (one haFf the standard "’color" crystal 
frequency of 3.579545MHz). and applying the formulas of Section 3.1 
for calculating Tore Period register load values, results in tne 
register values shown The nature of Ihe PSG divider scheme 
produces a high degree of accuracy for low frequencies, less forh>gh 
f req ue ncias .This can be seen in the chart in the cq mparison of "Idea l 
frequencies and "actual frequencies '. with the ideal frequencies 
being those of the Equal Tempered Chromatic Seale, and ihe actual 
frequencies being the "be$l Tit" values from the formula calculation 
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5.2 

Tune Entry/ 
Playback 


One of trie melhods of enlenng a. composition mto a computer 
memory would be to uiilize a keyboard to pass number and 
alphabetic in for mail on concerning the composer's wishes. An alter- 
nate melhod would be to scan a positional series of switches (like a 
piano keyboard) lo determine note, volume and duralion data 


Since f exibilily in tune entry is desired, i? is important to allow the 
composer to specify certain constant of entry such as octave, pitch 
Or tempo sod have these entries normalized lo a known vatue 


5.3 

Tune Variations 


One uF the significant features of a microcomputer based music 
player is the abitily to modify the tune once it has been recorded. 
Among the simpler variations are: 


5.3.1 OCTAVE SHIFT 

l f a n oc tavo con slan t i s added 1 u the octa ve of the rec o rded note p rior 
'o storing Ihe value in the PSO register, dynamic pitch changes can 
be obtained The programming e fleet would be to shift one bit left for 
each lower octave and one bit right for each higher octave. For 
example, the effect will be that a tune written to play on a piano wi II 
sound like bells if a multiple oelave up modification is performed. 

5 3-2 KEY 

Qna measure of the virtuosity of a musician is his ability lo modify the 
"key" or suboclave shifj of a composition. The rogical description of 
kc y ! ran sposfcl I n n is to- &hif t each nolo up o r d own by a p rod eta rm ioed 
number of noles from the original For example, a piece written in C 
and played in G# would have ail C notes shifted to CP. CbshifledloD, 
etc. (Note l bat the case mu si be consi d ered whe re B of one octave is 
shifted to C of the next higher octave ) Afl oF these operations require 
lhat Ihe one of twelve note identification must be retained in ihe 
recorded representation. 

5.3.3 TEMPO 

The duration of each recorded note is besl expressed in terms of 
"ticks" oi an overall "tempo clock'’. At playtime. I ha lotai duration can 
be obtained hy programatically multiplying the individual note to 
"si ow d o wfi " or "s peed up" I he tune w <thou t c ban g i ng th e true l&l time 
rel alio ns hip between the notes This can be accomplished by 
imbedding the note timing loops within the tempo timing loops lor 
simple operation. 



5,3,4 CHORDS 

There are certain combinations pf notes which when played simul- 
taneously produce pleasant com bin aliens These 'chords" can be 
easily lormed from a base note by performing octave and key 
changes on two notes, which are played with the main note Tnpge 
relationships are illustrated in Fig, £4, which lisls the various note 
constants which will produce musical chords A chord with a 
particular quality may be termed by playing it$ root a 3rd Minor or 
Major, and oi her notes from (he chord chart For example a C Major 
chord is formed from C(-£}. E(^2}. and G(-T2). 
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5.4 

Sound Variation 


5,4.1 RELATIVE CHANNEL VOLUME 

The independently programmable amplitude control for each chan- 
nel allows up to 16 levels if using the processor controlled amp : lude 
mode (hit 4 of registers io, n or 13=0}- in the ca££ of a 
decaymg or steady note, when a note is played or "fired", a frequency 
may be sei up in ihe coarse and fine tune registers and then an 
amplitude value placed in the respective register ID, 11 or 12. The 
value which is placed to play the tune can t>e an independent 
variable, allowing channels to play their respective melody lines with 
varying force. 


5.4.2 DECAY 

The main difference between a "piano" sound and an "organ" sound 
is the spoe d w i t h wh i ch th e nole lose s volu me. if a 1 1 of the notes ca n Pe 
decayed at a uniform rate, ihe automatic envelope generator can oe 
set to produce a decaying waveform. Each of the three channels can 
have th e sa me de c a y const p nf bu t d if f erm g p lay i ng ti mes to si m ufate 
the same instrument with differing note-strike tirries. 


5.4.3 OTHER EFFECTS 

The addition of variable noise !o any or all ol the channels can 
produce modification effects such "breathing" with a wind inst ru- 
men E . Or noise can be u sad al c ne 1<j pry d u ce a ri rum rhythm , The fee t 
that the noise dominant frequencies are variable allows "synthesizer" 
type effects whh simple processor interaction. 

Other pleasing effects include vibralo and tremofo, the cyclical 
variation of the frequency and volume. Because an intelligent 
microprocessor is confeoiting the effect, they can be all keyed to the 
lune icsell or to other external stimuli, 
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5.5 

Applications 


Fig. 25 


While many applications of She PSG in music generation are 
apparent, for instance m the area of Toys and games, other applica- 
tions are possible even in the area oF high accuracy sophisticated 
musical instruments such as high-end electronic organs. With tone 
frequencies generated from another source to meet the enacting 
requirements of organ operation the PSG can bo used as a complex 
envelope generator. The PSG is also effective for generating bass 
notes and rhythms with percussion instruments, taking advantage oi 
the PSG's high accuracy in producing low frequency notes. The 
following paragraphs detail examples of these applications 

5S.1 ORGAN ENVELOPE GENERATION 

The envelope generation diagram shown in Fig. 25 illustrates how an 
AY-3-a9lO can be configured to produce envelopes for organ 
voicing. All functions are controlled by a microcomputer. 

The basis of this system consists of a master frequency generator 
with a string of dividers. This produces all frequencies for l ha 
keyboard The microcomputer and the AY-3-S&10 are actually used 
to replace We usual components of voicing filters that would 
ordinarily be used in an electronic organ. 

The microcomputer shown isaGI FIC1650 controlled by inputs from 
the keyboard keycr circuit and a control switch matrix The keyer 
inputs octave and Key closure information to develop the envelope 
amplitude end duration for the note to be played The cnhlrol switch 
matrix cam ba used to control $u slain and add olheT special affects. 
The ROM shown connected to the AY-3-6&10 is optional depencmg 
on the amount ol data necessary for the microcomputer. 

T he system shown he re m ay a Iso consi st of m u 1 1 ipie AY-3-89 1 0' S nil 
controlled by a single microcomputer. II represents an economical 
solution to developing voicing control with a minimum oF compo- 
nents. 


ORGAN ENVELOPE GENERATION 
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5.5 

Applications 

(cont) 


Fig. 25 


5.5,2 ORGAN RHYTHM GENERATION 

The rhythm generation diagram [Frg. 26) illy strates b simplified 
version of how a microcomputer can be implemented wish the AY 3 
(591Q to provide a percussion instrument section for an electronic 
organ 

The microcomputer used ini his case could be a Gl RlC 1 650 which 
can be internally programmed to drive a senes of AY-6-3 310's, all 
hardwired to an I/O port of ihe PIC. Each AY*3-09lQ provides a 
separaie output envelope arid frequency of the instrument it is to 
synthesize 

The Rhythm Switch Matrix is used to select any preprogrammed 
rhythm pattern and tempo tram the PfC The Instrument Setecl 
switches allow manual in/out selection or ihe 6910's via the AS and A9 
address lines providing additional mslrument sound vanaiioi-s 
These switches are in Tended to bo user-selected and mounted in a 
convenient position or the instrument. 

In addition, optional ROMs could be added to the PSG I/O ports, 
saving microcomputer ports, to provrde extra rhythm length or 
number of patterns. These ROMs could also be replaced by EARQMs 
to provide user rhythm programming from a modified Rhythm Sw ich 
Matrix The programmable rhythm feature could be usod to add new 
or original user rhythms to update the inslrumenl 

ORGAN RHYTHM GENERATION — — — — 



*S REOUIREO 
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6 SOUND EFFECTS GENERATION 


On& of the mail uses oMhe PSG i£ to produce non-musical sound 
affects to accompany visual action or as a feature in itsoif The 
lolloping sections outline tet hit iques and provide actual examplesof 
some popular effects All examples are based on a l.7B977MHz PSG 
clock. 


6.1 

Tone Only 
Effects 


Ma ny e ff ects are pass i bla u s u>g on I y th e ton e ge nera hon ca pab 1 1 1 1 y of 
the PSG withoul adding noise and without using the PftG'a envelope 
generation capability. Examples of Ihis type of effect would include 
telephone lona frequencies (two distinct frequencies produced 
simultaneously) or the European Siren effect listed In Fig. 27 (two 
distinct frequencies sequentially produced) 


Fig. 27 EUROPEAN SIREN SOUND EFFECT CHART 


Qtlil 

K(?r|isl^r it Lasd Value 


Explanation 


Any npl 5p*cin^d 

no 

Rt 

R7 

RIO 


ODD — 

3r£ I Set Channel A tone pence to 2 ?7mj 
□ODf (440 Hi}, 

D7fi Enable Tone only on Channel A only 

□ 17 Select maximum amplitude on Channel A 


fWtii app ro t im .S I • ty 35 Uni s P e tore continuing) 
rq. 1 28 b Set CRano*l A Tone period to £ Si&ms 

m 001 1 (1B7HI). 

{ #aif approximate)? 350n*$ before continuing} 


000 Turn oft Channel A to end s^und ellect. 


RIG 


6.2 

Noise Only 
Effects 


So me of th e m ore com mon l y required so un ds requ i re on ly the use of 
noise and the envelope generator (or processor control of channel 
envelope ill other channels ere using the envelope generator) 

Examples of this, which can he $epn in Figs 26 and 29. sre gunshot 
and explosion. In both cases pure noise i$ used with a decaying 
envelope. In the examples shown the only changes arc in the length 
of the envelope as modi lied by the coarse tune register and in the 
noise period. Note that a significantly lower explosion can be 
obtained by using all three channels operating with the same 
parameters . 


Fig 26 GUNSHOT SOUND EFFECT CHART 


Register H 

On till 

Lon-d Value 

Any not soecMied 

000 

R6 

017 

R7 

007 

flic 

0201 


Q£0 

HI? 

DEfl J 

R14 

030 

R15 

ooo 


iTpl*nfltign 

Set Miss period to- md-value 
Enable Noise only on Channels A.B.C 

Selecl full amplitude range under direct 
pon,trpl pi Envelope Generator 

5fcl EnvHijipv fjMrirxJ In 0 SRB seCondS 

s*leei Envelope "decay. OW* cycle only 


Fig. 29 EXPLOSION SOUND EFFECT CHART 



Otlfll 

Register H 

Luad Value- 

Any not spec flee 

000 

R6 

QOO 

R7 

C07 

Rig 

020 1 


nn 

020 , 


nij 

020 J 


n id 

070 

R15 

000 


Eiplpnallflp 

Sel Noise penno to max. value. 

Enable Noire only, on Channels A.B.C 

Select tul i amp itude range under 
direct control o* Envelope Generator. 

Scl Envelope period 1o 2.0S Eeconcs 
Select Enve ope decay'", one cyele only. 


6.3 

Frequency 
Sweep Effects 


Tbs Laser, Whistling Bomb Wolf Whistle, and Race Car sounds =iri 
Figs. 30 thru 33 all utilize frequency sweeping el reefs. In all cases 
ihey involve the increasing or decreasing Ol the values in iba lone 
pariod registers with variable star!, end, and lima belwaan. Iraq uen cy 
charges. For example, the sweep spaed ol the Laser is much more 
rapid than the high gear accelerate m the race car. yel boih use tne 
same computer routine wuh differing parameters. 


Other easily achievable resells include "doppler" and noise sweep 
effects. The sweeping of the noise clocking register \ R6) produces a 
■ 'd o ppler " ef f ed wh ic b seem s wel l s-j i tod f o r 'space war" ty pe g ames 


Fig. 3C LASER SOUND EFFECT CHART 


Rey iSlei * 

Odai 

Lead Value 

Eiptanalicn 

Any not specified 

000 

— 

rt 

076 

Endbln Tone only t>n Channel A only 

mq 

017 

Select maximum amplitude on Channel A 

RO 

060 fsi?irt; 

f S«vvp effect ror Channel A lone oenoc 
1 ij a a processor loop rtith approximately 

RQ 

160 (end) 

| 3m$ wait lime beiween each slap tram 000 

H IQ 

0D0 

[ totso (O 459ms/2S30Hz to I.Oms/lMOHz} 
Turn on Channel A to end sound effect 


Fig. 31 WHISTLING BOMB SOUND EFFECT CHART 


He-glster * 

Oirtai 

Load Value 

Eiplan&lkjri 

Any not scecH-ed 

000 

— 

Ff7 

076 

Enable Tone wily (in Chanrie' A only 

mo 

017 

Si:l<:.::i maximum amplitude wi Channel A. 

FG 

060 (slant) 

( SwhKp ellecl fw Channel A tee pence via 
I a processor loop with approximately 26ms 

FG 

300 fend} 1 

| wail time between each step from 060 to 300 


[ f04Zfimg/2330Hz to I 7£ms.'5a2 Hz) 


Alier abr™e low is completed to lo^ *ith sequence in F>g 


£5 



6.4 

Multi-Channel 

Effects 


Because of the independent architecture of the PSG, many rather 
complex effects are possible without burdening the processor For 
example, the Woll Whistle effect in Fig. 32 shows two channels in use 
lo add constant breath, hissing noise lo the three concent rated 
frequency sweeps of I he whistle. Once the noise is pul on the 
channel, the processor only need be concerned with l he frequency 
sweep operation 


Fig. 32 WOLF WHISTLE SOUND EFFECT CHART 


Register * 

Octal 

Load Value 

A^y not specified 

000 

R£ 

DOt 

R7 

D5B 

RIO 

C17 

R1 1 

Oft 

R0 

100 (glerl} 

R0 

040 fend} 


Pin 

Ad 

Ru 

RO 

ftiG 

Rii 


Explanation 

Set Noise period to minimum value. 

E nfjh i' T; inn un Char ni :l A, Nois# uri Channel El 
Sglthd maximum ampliluda r>n Channel A 
Scl^t lower Amplitude on Channel R 
Sweep ellec; 1&r Channel A Tune perl&d v.aa 
processor loop wilh approximately 12ms 
wail time between each step From 1C1Q lo 0^0 
I0.572ms/1 74&H2 lo 0 zeems7348$Hz) 

W-sii approxiVnareFy TSC.ttj; bn tori” continuing l 


150 ; stall; 
060 (end) 

060 (stem 
150 (end) 

W0 

000 


| A processor looaw ch approximately 25ms 

■ wail time between eaph step from 100 lo 060 
I (0.57£ms/l 74fiHz to 0.42^ms/£iJIMzj 

[ A processor loop mth approximately &m& 

■ wail 1 me between each step Ifom 060 to 
l 150 (0 4£ftira/2331Hz to 0 §30m S n075Hz) 

!■ Turn oFF C-h^nricIs A and @ It? ijnrl pffKl 


Fig- 33 RACE CAR SOUND EFFECT CHART 


Register n 

Octal 

Lead Value 

Any men specified 

000 

R3 

017 

R7 

07a 

RIO 

01 7 

R11 

0l£ 

*Ri/R0 

013/000 (start) 

*R1/H0 

(KM/000 (end) 

R1/RD 

on. 1 OOP (atari} 

r i /no 

000/000 (end) 

Rl/RQ 

036 000 (atari) 

fii/RO 

GOI/OOO fend) 

RIO 

000 

Rii 

000 


Explanation 

Set Channel B Tg^e periodic 34,33ms (?9H£) 
Enable Tones only on Chancels A and B 
Seleol maximum amplitude cm Chnn nnl A 
SelfTCl pwpr amplitude Qn CfiSnr*l FI 

[ Sweep HFeci l&r Channel A Tone period via 
a processor loop wiih approximately 3ms wait 
iim*! between each step Vom D 13/000 lo 
nn4/0(X} (25 17ms/39.7HZ to 9.15ms/ 1 D9.3HZ|. 

{ A processor loop with approximately 3ms 
wail time beiween each step from On 7000 lo 
GQ3-DOO (20.6m S/46.5H2 to 6,6?nna/l456Hz) 
f A processor loop with epproximnleiy 
wail time between each step from 0067 003 Id 
\ 001/000 [13 73m 5 /72 enr tn 2 29mt/436 7NO. 

j- Turn off Channels A and EJ lo and etlecl 


* Decrement R i • RO ns n whole number e-g start al OF3/0DD. the-’ Ul2r377 

men 01 E/S71B, etc 





7 ELECTRICAL SPECIFICATIONS 


7.1 

Maximum 

Ratings 


7.2 

Standard 

Conditions 


7.3 

DC 

Characteristics 


Fig. 34 


Storage Temperature -55 C 'C to +150“ C 

Operating: Temperature , 0 C C to -t-40 u C 

Vcc and all other input and output 
voltages with respect to Vss .—0.3V to -HJ.0V 

Exceeding thes* ralmgs could cause permanent damage ly IlHk devieea 
Functions operation dl ll^esc conditions is, nrjd n-plinrl Opist ufir'Hj conditions 
are specked be lew 


Vec= -HJV ±5% 

Vftft = GNQ 

Operating temperature. 0°G lo I 40' 3 C 


Che*aoteriflk 

Sym 

Min. 

Typ* 

Man. 

Units 

■Condilions 

All Inpuls 

Logie 

V.L 

0 


0.6 

V 


Logic "1" 

V, w 

2.4 

— 

v« 

V 


All Outputs {if-XL-npC 
Analog Channel 6ulpUlS|l 

LOQiC "0" 

Vul 

0 


0.5 

V 

, Lj L = 1 6 mA 2QpF 

Logic "1" 

Voh 

2.4 

— 

V-w 

V 

1oh=1M^A. 2QpF 

Analog Channel Outputs 

Vd 

0 


60 

dB 

Test circuit. Fig 34 

Power Supply Curium 

Ir-r. 

— 

45 

75 

lYkA 



‘Typical values arc at -EVC itriti noininai vdltaye-a. 


ANALOG CHANNEL OUTPUT TEST CIRCUIT 



Fig. 35 CURRENT TO VOLTAGE CONVERTER 



57 


7.4 

AC 

Characteristics 


Characlengtic 

&ym 

Min. 

Typ,* 

Max, 

Units 

Condilione 

Clock Input 
Frequency 

fr: 

i.& 


2.0 

MHz 

\ 

Riee time 

r, 

— 

— 

50 

ns 


Fell lime 

ti 

— 

— 

50 

ns 

V Fig. 36 

Duty Cycle 



50 

75 

% 

fiu* Signal* (BDI Ft. HCa. BC1) 

ASMCiAlirri Delay Time 

lac 





50 

ns 

) 

FIcxeI 







Rase? Fills* width 

Iwx' 

5CG 

— 

— 

ns 

| Fjg 37 

Resel 1o Bus Control Daley Time 

1 HH 

1 ou 

— 

— 

ns 

A9. AS. DA7-DA0 (Address Model 







Address Setup T ime 
Agd r ess Ror-d Time 

Lx 

u» 

^ou 

100 

— 

— 

ns 

ns 

(fig. 3B 

DAT— CAB (Write Made) 

Wrile OgEa Pulw Width 

tlx,' 

500 


10, 000 

ns 

1 

WriE* Dn(a Setup Time 

tM 

50 

— 

— 

ng 

f ig. 3B 

VJnin Data Held Time 

tflH 

100 

— 

— 

ns 

1 

DAT-DAO | Bead Mode) 

Rend D^iiei Access Time 

tH 


250 

500 

ng 

\ 

DA7-OAD (JirSOtlk* Modal 
TfiStati-i Dal$y Timp 

Its 

— 

100 

300 

fig 

Fig. 40 


* 1 y pica i use are at 2S“C and nominal vohesfes 


Fig. 3G CLOCK AND BUS SIGNAL TIMING 



Fig. 37 flQSETTIMtNG 


HUS 
CON? HOL 
L'bCOU'L 


HE^-E" 



n 


BUS CONTROL 
SIOMA1 S CHANGING 


'.'A I lO F-. If. 3|CN*I 


Vi 


50 ns MAX 

IN .'.L DOING SKEW 


Fig. 36 LATCH ADDRESS TIMING 


avif. 

CONTROL DON’T CARE 

decode 


OKJI* 

ADSnc:,: 


□ Oh T C*HF. 


£5. A0 

DA.'-OAa 


FflEVIDUa 

STATE 


ADORERS' ' 


UUS CONTROL 
£|GPtA| 6 CHANGING 

* 50 "1«: HA* INCLL'D NGSkEw 


’ANY COMBINAHOh OF SCR =C„’ LiC’ 
VWHIGh DECODE LATCH ADOHESS 

EDI R BCZ SOT 


’REFER TO PARAGRAPH 2 1 1 
FOR A DESCRIPTION OF 
YAL D PEG ADO0ES5ING 




Package Outlines 


Fig. 41 40 LEAD DUAL IN LINE PACKAGES (far AY-3.-B91Q| 


PLASTIC 



CERAMIC 









